Imaging sedimentary basins in the context of oil and gas exploration entails different but complementary objectives. Understanding the tectonic architecture of a basin requires acquisition and processing strategies that differ from those strategies that are required to understand play fairways and prospects. In this paper we demonstrate effective processing strategies that produce clear and consistent images of the Moho discontinuity and elements of the crystalline basement, with equally clear images of the sedimentary section showing amplitude anomalies consistent with the presence of hydrocarbons.
Introduction
Northern Argentina has a continental volcanic rifted margin segmented by major transfer zones which reflect the preexisting Gondwanan structural fabric. The individual rift basins along this margin initially formed from intracratonic rifting during the middle Mesozoic, and evolved into a true passive margin following the separation of the South American plate from the African plate in the early Cretaceous.
The Argentine frontier exploration basin presents competing seismic imaging requirements due to the need for clear images of play fairways, prospects, and deep crustal structures necessary to define a tectonic framework. In the past these competing requirements would have resulted in a compromise between higher fold and record length. Modern acquisition and processing technologies and methodologies can be employed, which offer long record lengths necessary to image events as deep as 40 km, while retaining high fold to improve signal to noise ratios.
The presence of source rock is a key risk factor in this part of the basin with the Lower Cretaceous-Upper Jurassic synrift section presumed to contain Aptian age or older source rocks. This part of the section must be imaged clearly with the preservation of amplitudes to help in mitigating the source rock risk.
Results
We will now demonstrate the methodology on a 2D exploration dataset acquired offshore Argentina. 19,500 line km of data were acquired with a 12km streamer on a coarse 20km x 20km grid, covering an area of 210,000 km².
The data were acquired with a record length of 15 seconds and 2ms sample rate, using continuous recording and a nominal shot separation time of 10 seconds. The water depth varies from 50m to 5000m. There are strong, convergent currents in the survey area leading to large feather angles up to 48 degrees. In addition, water temperature variations from 7 to 17 degrees Celsius led to water column velocity variations that required a tomographic update for depth imaging. 
Continuous Recording / De-blending
The continuous recording and long record lengths enable the efficient acquisition of a dataset with both high fold and a long record length suitable for imaging deep targets, which is particularly important for understanding the basin architecture. The long offsets in the data also make it suitable for full-waveform inversion (Roberts, 2018) , which offers an additional opportunity to search for velocity anomalies associated with hydrocarbon saturated sands.
The noise from the overlapping shots in the deeper section is mitigated by an effective multi-step de-blend methodology (Seher and Clarke, 2016) . We first estimate the direct wave by creating a median stack of a number of shots, and then adaptively subtract it. Next, we estimate the reflected energy in the Radon domain and apply a direct subtraction. Finally we attenuate random noise using the Karhunen-Loève transform or vector median filtering (Seher, 2018) .
De-ghosting
The de-ghosting method is a hybrid deterministic and data driven approach in the frequency domain. The source and receiver ghosts are handled separately in two passes of the algorithm, and the ghost delays are estimated in time windows in order to compensate for variations with time and offset. The reflectivity is allowed to vary both by frequency and dip to model the effects of sea state (Orji et al, 2013) .
Shallow Water De-multiple
Shallow water multiple attenuation has long been recognized as an imaging challenge. In very shallow water depths, the water bottom reflection may be contaminated by the direct wave and refractions. The data can be dominated with severe oscillatory ringing such that individual multiples are not differentiable, or may be completely missing because the reflection angle of the nearest offset trace is beyond critical. In these cases, the extrapolation of the near offsets to zero-offset becomes challenging. In addition, broadband processing will enhance all seismic events, including multiples (Figure 8 ).
An accurate water bottom horizon is important for SWMA.
If an accurate water bathymetry is not available, then we either pick through the refractions, or we calculate the water bottom time from a picked multiple event. The Green's function result is then convolved with the source wavelet derived from the actual data and then blended with the data that has been extrapolated to zero offset using the focal transform (Berkhout, 2006) . In this way the water bottom reflection and the multiple model are enhanced.
In order to handle the broadband nature of the data, we perform the adaptive subtraction in frequency bands. In this example, we used two frequency bands, 0-30Hz and 30-125Hz. Auto-correlations before and after SWMA show the effectiveness of the SWMA (Figure 1 ). Finally, we apply traditional deep water SRMA and then blend the results with the shallow water data after SWMA.
We follow SWMA with a slow velocity radon to remove residual multiples. To attenuate out of plane noise, we apply a pass of apex shifted radon, where we use Stolt migration with water velocity to focus the multiples. A threshold is applied to create a model of the multiples. The model is inverse migrated and then adaptively subtracted from the data (Seher, 2017) . Finally we apply a residual random noise attenuation prior to PSTM and PSDM. 
Water Column Tomography
Propagation of sound waves in water can vary both in time and space (Imtiaz et al., 2013) , but velocity inversion for seismic surveys has been mostly limited to 3D and 4D marine and especially OBN surveys (Rossi et al., 2000) . Building a water column velocity model with 2D data in frontier areas typically involves modifying regional water velocity profiles in order to achieve optimal gather flatness. In the case of the Argentine basin it was found that simple scaling, editing and profile manipulation did not produce consistently flat image gathers. A single vertically variant but laterally invariant function will not be sufficient even if the line is acquired in a single day (Figure 2 ). An explanation of such complexity in the water column is found by identifying ocean temperature variations and regional patterns of warm and cold oceanic currents. Figure  3 illustrates how the survey is split diagonally between warm and cold ocean waters, with similar patterns visible on the ocean current map. Warm currents coming from the north along the coast of Brazil meet cold currents from the south, forming a NW-SE "boundary". We can correlate this imaginary line in seismic data as the boats traveling across this boundary show increased levels of swell noise relative to the north and south ends of the line. Using moveout picks at the water bottom we can invert velocity models using a reflection based tomography solver (Kosloff et al., 1997) . For the initial water velocity model we use a modified "Hood" function (Advocate and Hood, 1993) . We expect that most of the velocity variation will be concentrated in the first 200-250m of water depth (thermohaline zone), which is more susceptible to temperature variations. Although as a non-linear inversion tomography can produce any number of models to fit the same misfit function distribution, we update the water column with a coarse inversion update grid to minimize the number of possible solutions. After performing tomography on all lines we distribute velocity differences and smooth the model laterally (Figure 4 , left) with a 3D unification. This model produces overall flat gather that tie across the survey and we find strong correlation between main current trends and depth slices (Figure 4 , right). 
Full Waveform Inversion
In order to better define the interval velocity model, particularly in the presence of shallow gas anomalies that cause imaging problems, FWI is employed utilizing the far offset acquisition geometry. Figure 5 is an RTM stack showing what appears to be a low velocity wedge, below which we observe a degradation in imaging. Figure 6 shows an FWI velocity difference plot, where the low velocity anomaly is clearly evident. 
Amplitude Preservation -BSR
The presence of a readily identifiable bottom simulating reflector ( Figure 7 ) presents an opportunity to measure the amplitude preservation of the data, by observing the amplitude variation with angle measured on the BSR event.
An analysis of near angle and far angle stacks shows a moderate brightening of amplitudes, consistent with a gas charged sand underlying the frozen gas hydrates. 
Imaging the Moho
The presence of a working petroleum system depends on both the presence of source rocks with sufficient TOC, and a thermal gradient sufficient to heat the kerogen sufficiently to produce hydrocarbons. An accurate image of the Moho is a key element to understanding whether the underlying crust is continental, transitional or oceanic in nature, which helps to establish the framework of a petroleum system. 
Conclusions
Using an acquisition methodology with long record lengths and high fold, we have produced broadband seismic data with good imaging of the Moho and very high resolution images of potential source rocks with amplitude preservation for direct hydrocarbon indicators. Multiple energy generated in very shallow water depths is effectively attenuated with a robust adaptive subtraction algorithm utilizing an accurate water bottom surface. Water column tomography and FWI help to generate a very accurate velocity model resulting in high quality depth imaging.
(a) (b) Figure 9 . (a) Conventional data; (b) broadband data. The broadband data enhances both primaries and multiples. 
